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Operauional Rehability Analysis of Generating Unit With BN-600 During 1980-1995 


947F 0148. \ Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 167-171 


[Article by NON. Oshkanoy. A.G. Sheynkman. and P.P. Govoroyv. Belovarskiv Nuclear Powe! 
Plant. UDC 621.039.526:621.311.22] 


| lext| Ihe third generating unit of the Belovarski\ NPP with a BN-600 reactor was commis- 
stoned in April 1980 and has operated successtully tor 14 vears. During this period. the tollow- 
inv goals formulated during its development were accomplished: safe and reliable operation of 
the sodium reactor with a high unit power. extended safe life tests of large hardware operating 
Ina sodium environment. validation of the sodium technology and procedures of replacing and 
repairing the equipment. and verification and improvement of the operating conditions 


fhe operating and testing experience venerally confirms the validity of the design decisions made 
vet at the same ume identifies the drawbacks which call for upgrading and redesigning equipment 
elements (main circulating pump (Gi1SN). steam generators. sodium valves. etc.). Certain unit 
Operating conditions were also corrected: the loop activation conditions and steam generat! 
Operation without one of the eight sections: the unit shut-down condition with low-speed emer- 


gency protection operation was completely eliminated 


General reliability characteristics. [he generating unit operating history can be tentativel\ 
divided into two periods: from April 1980 through September 1981]--verification by a stage-by - 
stave power increase from 30 to 80°o and from October 1981 through December 1993--operation 


with commercial electric power generation 


As of 31 Dec 93. the total power generation reached 49.69 billion kWh with a total length of 
power operation of ~9].000 h. a mean gross efficiency. net efficiency. and housekeeping power 
consumption of 41. 38. and 7°, respectively. Prior to 1987. the reload cycle microcampaign was 
equal to 100 days. and after the transition to an upgraded core after the 19th life cycle in June 


1987. it increased to 165 davs 


The installed capacity utilization was equal to 68.74%. Starting with 1983. the mean installed 
capacity uulization coetticient was equal to approximately 73-75%. and in 1992. it reached 83.5° 0 
for the first tme This decrease in the installed capacity utilization was due to the power unit 
shutdown for scheduled maintenance (21.4%). primary equipment failures (5.3%). and power 
pickup (4.6°o) The technical utilization factor during the same period amounted to 75.7% 
whereby during 7.6% of the time. the power unit operated with three loops and during 5.1% of 
the ume--with two loops. [ime under utilization due to scheduled preventive maintenance was 


22.1% and due to the power generation unit recovery following total failures--2.2%o 


~— 
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During its 14 vears of operation. the generatung unit availability tactor was 97. Lhe powel 
unit unavatlabilitv was largely due to the fuel element assembly (TVS) recharging necessitated 
by the tuel element leakage (1.3°0). generating unit power down for connecung the third looy 
after its repairs (0.6°%0). reactivity control svstem (SKUZ) tailures (0.3%0). and operating an 
maintenance personnel errors (0.2°0 each). Altogether. normal generating umit operation Wa 
Violated 97 mes due to unscheduled complete or partial decreases in the generating unit powe! 
(without taking into account the violations occurring during the generating unit start-up prior t 
the turbogenerator connection to the network) [1]. 2] 
In 27 cases. normal generating unit Operation violations due to equipment and system failure 
Were accompanied by a generating unit shutdown. and in 21 of these cases. high-speed emervene 
protection operated (1n six cases. control rods Were dropped by the operator). while in the remai 
ing 70 cases. generating unit output dropped and in °6 cases. this was accompanied by a loop 
disconnection (initiated by the operator in 24 of these cases). Moreover. the generaune ul 


downtume amounted to ~2.500 h and operation at a decreased power--to ~ 7.600 | 


Disruptions in the normal generating unit operating conditions can be divided into two group 
due to staff errors and due to basic equipment tailures) Normal operation disruptions duc 
personnel errors amounted to 20.6°o (of this. 12.4°o were due to operating personnel error and 
8.2% --due to maintenance personnel). While 79.4°o are due to disruptions resulting trom equip- 


ment tailures 


Equipment. [he principal reasons of the equipment and generating unit svstem tallures are as 


) 


structural and configurational shortcomings (96.1). manutacturing detects (19.6) 


follows. in 
poor repairs (15.5). and assembly and adjustment flaws (4.1) (Fig. 1) The largest number o1 
normal generating unit operation disruptions due to equipment failures was due to reactivity 





control svstem failures (19.6°o of the total number of disruptions). failures of the third loop and 
water circulation system equipment (13.4°o). failures of the primary and secondary loop mau 
circulating pumps (11.4°o). electrical equipment failures (11.3%) (Table 1). and tuel element 
depressurization in the fuel element assembly (10.3°0) (Fig. 2, During the entire generating unit 
operating period. third circuit and water circulauon system equipment failures were required | 

decrease the generating unit power in 15 cases 


There were a total of 19 normal generating unit operation disruptions due to reactivity contro 
svstem failures. Of these. eight normal operation disruptions were caused by talse protection 
system Operations. 1.e.. without the need tor their operation. and in tour cases. protection svsten 
Operation was excessive when a talse signal requiring Its operation was generated) Reactivity 
control system failures were largely due to design and configurational shortcomings (11) and 
manufacturing defects (7) which were resolved by improving the signal conditioning and eme:- 


gency protection relay sequencing systems 


Electrical equipment tailures were largely associated with turbogenerators (seven out of the 

electrical equipment failures) and with the need to shut them down in order to detect and ti 
hvdrogen leaks. Vertical centritugal pumps with a base hydrostatic thrust bearing were used as 
the main circulation pumps in the sodium loops. During the tield development of the generatins 


unit prior to March 1981. GIsN-1 and -2 operated without nouceable problems. vet when it was 
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necessar\ once again to increase the rotation speed in order to increase the generating unit powe 


~ 
5 








the pump shaft linkages with the electric motor began to fail 





Fig. |. Distribution of the generating unit Fig 2. Distribution in the number of generat- 
power decreases due to poor maintenance Ing unit power decreases due to equipment 
and repairs--15.5%o (1). assembly and adyust- failures and personnel errors (in %o): |--Re- 
ment flaws--4.1°%o (2). operating and mainte- actor (1): 2--Fuel element assembly (10.3): 
nance personnel errors--12.4% (3) and 8.2% 3--Primary loop equipmeni (1): 4. 5--Main 
(4). respectively. manufacturing — flaws-- circulating pump of the first (9.3) and sec- 
19.6% (3). metal defects--3.1%o (6). design ond loop (2.1): 6--Steam generator (4.2): 7. 
and configuration shortcomings--36.1% (7). §--Second (1) and third loop equipment 
and primary loop coolant impurities-- 1 °%o (8) (]2.4). respectively : 9-- Turbine (6.2): 10 and 


} 


| 1--Circulating water supply system equip- 
ment (1) and reactivity contro] svstem 
---Electrical equipment 


(14 1 4 emt ce 19°11 .~ } ; 
(} 1.5): lo. t+--Onerating (}2 4) and mainte- 


(19.6). respectivels 


nance nersonne! errors (8&2 


lable 1. Equipment. third loop pipeline. and circulating water supply svsiem failures 
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Furthermore. elevated GIsN-] vibration was observed in 1982-1984. cracks aj eared in the 
shafts. half-couplings in the pump shaft clutch with the electric moto: rotor were damaged. and 
unreliable electric drive operation was observed. The half-coupling and shaft damage was duc 
to the torsional vibration resonance in the working rotation frequency band and the merger of the 
output power fluctuations of the electric drive with the natural frequency of the shaft torsional 
vibrauons. The shafts and half-couplings were upgraded in order to ensure normal GIsN-| 
performance. and the operating GIs\-1 rotation frequency was set outside the resonance range 
while the electric motor was switched to an uncontrolled operating mode after the generating uni! 
reached more than 85% of rated power. After that. starting with the 15th microcampaign (De- 
cember 1985). no GIsN-] failures leading to normal performance disrupuons have been observed 


Sectioned-modular steam generators with straight tubes are used in the generating unit each 
consists of eight sections with three modules in each--an evaporator. a steam superheater. and a 
reheater. Experience demonstrates that these are characterized by a high operational reliability 
The possibility of steam generator operation at a rated power with 7 sections was verilied exper- 


mentally [4.3]. As aresult. in 12 failures caused by interloop leakage. it was necessary to d 


connec: the joop in only three cases and shut down the unit only once 


n into the steam generator module damage causes [4] reveals that the most like]: 


An investigaul 
causes of the lack of pressurization between the loop and in the modules are the manufacturing 
defects not detected during tests at the manufacturing plant using conventional inspecuon meth- 
ods. During the past 14 vears. the steam generator reliability has been increased: for this purpose. 
prestart and chemical washing procedures have been developed. structural flaws in the principal! 
sodium valves have been eliminated. and the steam superheater module lid sealing units have 
been upgraded 


Reactor core. [he BN-600 design incorporates a high energy stress in the reactor core and a 
maximum linear load of 500 Wicm with a fuel element cladding temperature of 710°C at a 
specific power of 810 KW 1. Yet the structural materials and the design solution involving 
rearrangement and rotation of the per:pheral assemblies in the cases of overloads could not ensure 
attainment of the maximum fuel burn-up of 9.7% of heavy atoms stipulated by the design 
During the operating life. 119 tuel element assembires with depressurized fuel elements acros 
the gas and 80 depressurized elements across the tue! were detected: their detection and recharg- 
ing called for six unscheduled generating unit discharging operations and three instances of 
lowering 1ts power. A 7% heavy atom limit on the maximum burn-up did not prevent the tuel 
element cladding depressurization Which conunued up to the 18th microcampaign (January 1987) 


In order to increase the performance reliability and raise the permissible fuel burn-up. the core 
was upgraded in 1986-1987. The maximum linear load was decreased to 480 W cm b* increasing 
the core height trom 750 to }.000 mm. a transition from two to three enricnment zones was 


executed (17. 2]. and 26%. for ~ L). new structural materials were used in the jacket (cold 
strained austenitic steel OSKhH1I6N11M©M>5T and fer: .ie martensitic steel EP-450) and in fuel element 
cladding (austeniuc class steel with cold straining EP-172 and ChS-68). while the fuel assembly 
Operating procedures were revisec. As a result of these measures. there have been no normal 
performance disrupuons of the generating unit due to the fuel element assembly cladding depres- 
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surization since the 18th microcampaign. and the maximum fuel burn-up reached 10% of heavy 
atoms. 


Operating personnel. [he operating personnel at the generating unit 1s staffed with six shifts 
with 30 persons in each. During the period under study. 12 normal generating unit operation 
disruptions have occurred due to operating personnel errors. Most of the errors (six out of 12) 
occurred during the initial operating period (1980-1981) of which five happened during the first 
microcampaign; three operating personnel errors can be classified as instantaneous. 1.e.. resulting 
In a power unit Output decrease immediately after the incorrect actions were taken: On 26 Nov 
83 (the 9th microcampaign). the generating was shut down due to the excessive operation of the 
GTsN-1 rpm overspeed protection in the fourth loop due to a short circuit caused by incorrect 
personnel actions while measuring the blinker voltage: on 26 Feb 85 (13th microcampaign). the 
loop was deactivate due to the turbogenerator power-down as a result of erroneous disconnection 
of the generator excitation when 1t was being switched to standby excitation; and on 28 Dec 87 
(20th microcampaign). the loop was deactivated because the turbogenerator was shut down by 
the protection system as a result of an oil level drop in the damper oil tank because the gates 
were closed erroneously in the oil delivery line to the generator seal bearings while the oil filters 
were being changed. 


The mean time between operating personnel errors (T ). the operating personnel error rate (c). 
and probability of error-free operating personnel performance (P ) during a given time interval 
were defined for the operating personnel [6]. The time interval was selected to be equal to the 
duration of one microcampaign (165 days). Based on the low number of errors. these indicators 
were evaluated by a nonparametric method using the procedure described in [7] (Table 2). 


Table 2. Disruptions in normal generating unit performance due to operating personnel errors 
(12 cases between 8 Apr 80 and 31 Dec 93) 











Reliability Point Confidence estimate at g = 0.8 
Indicator Estimate | 
| ower bound Upper bound 
e. Wh 439-10" 3.30-10° 5.8210" 
Tmh 228-10 172-10° 303-10 
P 0.983 0.987 0.977 




















Summary. The high quality of the design and the modifications of the principal basic equipment 
and system units carried out during the initial performance phase (GT sN-1. steam generators. and 
reactivity control system) made it possible to ensure reliable generating unit operation. The 
following comprehensive reliability indicators have been achieved. in %: an installed capacity 
utilization factor. technical utilization factor. and availability factor of 68.7. 75.7. and 97.2. 
respectively. A maximum capacity utilization factor of 77% was attained in 1988. 


The normal generating unit performance disruptions due to equipment failures and personnel 
errors did not lead to an exceedance of the safe operation limits established by the design. Most 
of the disruptions (~75%) fall within 1980-1986. while the mean number of violations 1s approxi- 
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mately seven cases per year; there have been four cases per year between 1987 and 1990. In 
recent years (1988-1993). normal generating unit operation violations (21 cases) were largely due 
to turbogenerator failures (five cases) and third loop equipment failures (three cases). 
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Drop in Demand for Natural Uranium 


947F0148B Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 175-182 


[Article by B.V. Nikipelov. Russian Federal Ministry of Nuclear Power Industry: UDC 546.791_- 
338] 


[Text] The dismantling of the state monopoly and liberalization of the foreign trade regime in 
Russia and CIS increased these countries supply of goods to the world market. There was excess 
supply of many goods in the world market even before. vet access of CIS goods to the market 
has boosted this supply even further. 


The competitiveness of such materials. goods. and to a lesser extent. machines whose quality 
indicators meet world standards (aluminum. other nonferrous and rare metals. including uranium. 
ferrous metals. fertilizers. armaments. etc.) and which have a low cost of production in the West 
is high. In some cases. this aggravated the already existing trend toward depressing the prices 
and led to countermeasures by foreign companies. some with government assistance. The latter 
adopted protectionist measures against the new market participants instead of taking steps against 
the unjustified drop in prices. which 1s illogical and inconsistent. 


The purpose of this article 1s to use the example of the uranium market to demonstrate that the 
reason for the existing situation is not only the fault of CIS enterprises and companies but also 
a consequence of the respective government decisions to deregulate market relations for such 
strategic goods and to show that regulatory measures are necessary by means of limiting produc- 
tion and prices on the basis of multilateral intergovernmental agreements and general strategic 
concepts of various production trends. The purpose of this article is not to predict the develop- 
ment of the uranium market and its production and demand but to present an option oj the 
nuclear fuel cycle objective and strategy of most nuclear powers during 1994-2020--to minimize 
uranium mining--including the maximum resource conservation--and, most importantly. sales of 
the stocks of weapons-grade uranium and later--of plutonium. 


Uranium production, stocks, market, and outlook. Let us examine certain data on the natural 
uranium production. demand. and market in the world. The demand. supply, and forecast for the 
vear 2000 made by one of the leading uranium business companies in Western Europe are shown 
in Fig. | [1]. 


The status of uranium production. demand. and market is carefully analyzed by the Nuexco re- 
view journal. Data on the uranium production and demand. including such Eastern Bloc countries 
as Bulgaria. China, the Czech Republic. the former GDR. Hungary. Kazakhstan. Kyrgyzstan. 
Poland. Romania. Russia. Tajikistan. Ukraine. and Uzbekistan are published in its last issues for 
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1993. When data were not available. journal estimates were used (Fig. 2). Following an anu- 
dumping investigation in the United States in 1992. customs tariffs were introduced on uranium 
imports from the CIS. primarily from Russia. which virtually halted uranium trade between 
Russia and the United ‘states. Nevertheless. new articles appeared in 1993 which accused Russia 
of all uranium market misfortunes. The situation which developed in 1993 and the outlook for 
1994 are rather favorable in the opinion of the International Uranium Institute (London). Suppl 
barely meets 66% of demand. The shortfall amounting to 22-25 thousand tons is made up by 
using uranium from the reserves. Although uranium production is dropping in the CIS. some 50- 
400 thousand are in storage. which may fully meet world demand for 1-10 years. as noted in the 
article [2]. It was stated at the Moscow meeting-seminar on "Nuclear Safety in the Former Soviet 
Union" held in January 1993 and attended by representatives from the European Energy Fund. 
European Parliament. European Community Commission. Russia's Atomic Ministry. and the 
"Kurchatov Institute” Scientific Research Center that the European Community is expecting that 
Russia would curtail uranium exports to the European market in exchange for expert studies otf 
nuclear power plant safety in Russia and deliveries of emergency systems to NPPs [3] 
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For an objective assessment and conclusions drawn trom the causes of today s uranium market 
conditions. let us examine the analvses which were made in 1993 [4]. One can see from examin- 
ing Fig. 3 that following a stable and low price level for 1973. prices began to rise sharply in 
1974-1976 and increased by approximately 2.5 times. This increase. in turn. was caused by a 
dropping increase in warehouse stocks in 1970-1974 (although some tend to attribute it to the oi! 
Crisis). 


The uranium price increase in 1974 was immediately followed by an increase in uranium produc- 
tion which. naturally. was slower than the price increase. Due to a considerable increase in the 
warehouse stocks. short-term market prices began to drop sharply in 1980 following a short 
period of stability in 1978-1979. Although the ensuing sharp slowdown in the warehouse stock 
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increase did dampen the price drop somewhat. it did not arrest it. And al! this occurred in the 
world market without any CIS natural uranium being present there 
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Utilization of the warehouse stocks. albeit on a small scale. began in the West in 1986 and 1s 
continuing today but on a greater scale. So the emergence of USSR on the world market in 1989 
also reflected its natural desire to decrease the warehouse stocks and excess production capacities 


The following conclusions can be drawn trom analyzing Figs. 1-3 which characterize suppl, and 
demand in the world uranium market 


the decline 1n output and a drop in the stock market prices can be attributed to a considerable 
overproduction of uranium in the world. primarily in the West. and later in the Eastern Bloc 
countries: 


hopes that natural uranium production may increase from the present level either in 1995 or in 
1997 are groundless as are the hopes of a market price jump since an increase in uranium prices 
is possible only in the framework of international agreements. Moreover. hopes for new produc- 
tion and the anticipated price jump emanate from the expectation of a sharp decline and termina- 
tion of uranium deliveries from Western warehouse stocks in 1995. But why cannot one take into 
account warehouse stocks in the CIS as well as the enriched uranium market resulting from the 
dismantling of nuclear weapons. both in Russia and the United States’ 


Yet the most important is to answer the question: Why 1s an increase in the quantity of mined 
uranium a benefit and strategicall, correct policy? This 1s profitable for compamies which mine 
uranium. but is it profitable as a whole for the nuclear fuel cycle. nuclear power industry. and 
the society at large? The answer to this question will not reflect the official position of any 
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department but present the opinion ot one of the experts as well as some specialists in the nucleai 


tuel cvcle 


Although it is obvious to the author of this article that there is no reason to develop new uranium) 
mining production in 1995-2000, what is fundamenta! is to determine the strategy for the period 
of 2015-2020. In this analysis. it would be desirable to give more attention to the environmental! 
rather than economic and technical issues, vet the latter two cannot be underestimated. From the 
environmental viewpoint. the advantage of the nuclear power industry is that a lot less fuel 
(uranium) and the accompanying raw material is expended per unit of energy released than in 
tradiuonal utilization of coal. oil, and gas. This means that the mineral resources suffer less loss. 
fewer rock spoil heaps and gangue have to be reprocessed. there are fewer sludge fields and 
discharges. etc. According to the data trom the International Uranium Institute. today a high- 
power reactor consumes 150 t of natural uranium per year which is an equivalent of 2 million 
t of coal or 10 million barrels of oil [5]. 1.e.. its mass 1s 6.5 thousand times less than that of coal 
According to some analyses. an increase in the burn-up fracuon to 60 MW dav/kg can increase 
this ratio: | t of uranium ts equivalent to 80 thousand tons of equivalent fuel 


A nuclear power industry development forecast to the vear 2010 prepared by the [AEA (MAGA- 
[E) [6] estumates a minimum increase in the total NPP capacity compared to 1990 as 1.4 times 
and the maximum as 1.8 times. Assuming that the fuel utilization factor remains unchanged. the 
demand for natural uranium will increase. (This is probably used as the basis of the predicted 
Increase In uranium consumpton shown in Fig. 1). Yet many companies. e.g.. FdF in France. 
are planning on implementing fuel with a greater burn-up fraction starting with 1995. It has been 
demonstrated in the analyses by our country s experts that given an increase in the fuel burn-up 
traction of VVER-1000 from 30 to 60 MW-day/kg. uranium demand decreases by 1.87 times. 


It 1s indicated in [7] that when in the future conversion ratios increase to 0.7-0.8 in the case of. 
e.g.. closely spaced lattices, natural uranium consumption may decrease by approximately two- 
fold. Consequently. implementation of such developments may compensate for an increase in 
the total nuclear power plant capacity not only by 2010 but already by 2005-2015 and mavbe 
even earlier by decreasing the total natural uranium consumpuon by 5-30% compared to the 2000 
level. Thus. in analyzing natural uranium balance in 2000-2020. one can assume that the level 
of its annual consumption will not increase 50-55 thousand tons. In order to determine produc- 
tion, one should assess the total volume of warehouse uranium stocks in the world as a fuel cvcle 
material (metallic uranium. U,O,. and uranium hexafluoride). 1.e.. both warehouse stocks proper 
and highly enriched uranium which ts already showing up in warehouses as a result of the nuclear 
weapons dismantling in the United States and CIS. 





As tor the Western warehouse stocks proper without the materials from the nuclear weapons 
dismantling. here the picture 1s clear. and a certain discrepancy in the estimates does not affect 
the outlook. Thus. an expert from the Nucem Company estimated in 1987 (when the reserves 
began to be used) that warehoused stocks in the Western countries were approximately 135 
thousand tons 1n terms of equivalent natural uranium [8]. so provided that a certain portion of 
it was used up. the figure amounted to 104 t [sic] by early 1992. According to data from [9]. 
warehouse transition stocks amounted to 113 thousand tons in early 1992. The total reserves 
esumated in Fig. | amount to 120-125 thousand tons. so the difference between production and 
consumption according to data from the Nuexco journal was equal to 16() thousand tons by earl 
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1992. but this also includes the necessary operational reserves. Conseqvently. one may regard 
this figure as being equal to 105-125 thousand tons. The situation is more difficult with CIS 
reserves. According to the Supreme Council expert estimates. by early 1993 [10]. the reserves 
amounted to 100-200 thousand tons in terms of equivalent to natural uranium 


Ihe author of article [1] ] maintains that American arsenals contain approximately 500 t of highly 
enriched uranium. A similar magnitude of CIS arsenals has not been determined with the same 
precision and may vary between 500 and 1.100 t (.e.. a total of 1,000 to 1.600 t). The following 
data have been cited in some publications: "There are approximately 1.400 t of weapons grade 
uranium in the CIS" [12] and "500 t in the agreement between the Russian Federau’ Ministry of 
Nuclear Power Industry and the U.S. Department of Energy 1s approximately one-third of our 
reserves" [13]. It was indicated in the source we already mentioned [10] that Russias highly 
enriched uranium reserves reach 600 t. 


Let us evaluate the total warehouse stocks trom another viewpoint--from the total difference 
between uranium production in the world and its demand by nuclear power plants. According 
to data in Fig. 2. this difference in 1970-1992 amounted to approximately 485 thousand tons of 
natural uranium. A retrospective extrapolation of production and demand curves for 1945-1970 
tentauvely vields 350-400 thousand tons of excess uranium spent for making weapons. If this 
was the case. the total reserves would amount to 835-885 thousand tons by 1993. Yet there is 
a different way of assessing this latter part of excess quantity (up to 1970). There are data indi- 
cating that between 1938 and 1970. approximately 330 thousand tons of uranium was mined in 
the West. Allowing for the fact that a nuclear weapons parity between the USSR and the United 
States was achieved by 1970-1980 and that the annual production volume in the Eastern European 
countries was equal in 1970 to the total production in the West according to data in [14]. one can 
assume that prior to 1970. production in Eastern Europe amounted to less than one-half of that. 
In this case. excess production used for warehouse stocks and nuclear weapons would be tenta- 
tively equal to 425 thousand tons. Then the quantity of equivalent natural uranium in warehouses 
and in weapons in the world would amount to 485+425=910 thousand tons by 1993. While 
approximately 205-225 thousand tons are stored in warehouses in the form of materials. the 
stocks of Weapons grade materials are (835-910)-(205-225 )=(630-660) thousand tons in terms of 
natural uranium. Furthermore. one should keep in mind that the plutonium production process 
required approximately 250 t of ~U or. in other words. plutonium production required approxi- 
mately 60.000 t of natural uranium (we are talking about complete burn-up of ~“U in this natural 
uranium equivalent and not the total quantity of uranium used in plutonium production). In 
addition to plutonium production. considerable quantities of enriched uranium in the world have 
been used for military vehicles. primarily as fuel for nuclear-powered submarine reactors. One 
can roughly state that for this purpose. approximately 300 t of highly enriched uranium has been 
spent in the world for these purposes which 1s equivalent to 60.000 t of natural uranium. A 
smaller but similar quantity of uranium was spent for research reactors. A considerable quantits 
of reserves in the military sector still remains: 480-510 thousand tons 1n terms of natural uranium. 
As one can see. these figures are higher than the maximum in the other authors estimates. Conse- 
quently. in analyzing the future market. we shall use the mean value of 1.000 t for the CIS and 
500 t for the United States. 1.e.. 1.500 t. which is equivalent to 330.000 t of natural uranium. 
Then the total warehouse reserves reach 525-555 thousand tons. and given a market consumption 
for approximately 25 vears. this amounts to 22.000 tyr (21.8 t of natural uranium are equivalent 
to direct production of 100 t of highly enriched uranium from it [sic]). (Enrichment process 
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losses are lower When 90% ~U is diluted to 4.4%, not with natural uranium, but with |.S°o > 
If this production method ts utilized. 1.500 t are equivalent to 410.000 t. so the total reserves are 
615-630 thousand tons. Le... 25.000 tyr during 25 years or 21.000 tyr during 30 years) Given 
a demand level of 55.000 Uyr without taking the latter reserve factor into account. 22.000 t would 
amount to 40% of world market supply. So it may be necessary to extend the weapons-grade 
material uulizauion. But no more than to 2030 


It is also necessary to note that highly enriched uranium utilization by world NPPs also requires 
cooperation and support by all market participants. It is necessary to allocate a considerable 
quota for such materials in the world. up to 40% of its demand. Predominant use of warehouse 
stocks and disarmament-generated materials 1s also consistent with the policy of resource conser- 
vation and economic and environmental requirements. So itis patently obvious that such quantu- 
ies of natural uranium (30-400 © f the market demand) should not be mined during 1998-2020. 


The signing of a contract between Russian and U.S. companies for sales of 4.4% enriched urani- 
um obtained from 500 t of highly enriched CIS uranium. 10 t in each of the next five vears 
starting with 1994 and 30 tyr in the next 15 vears. and the possibility of gradually selling oft 
Russian and CIS warehouse stocks will completely obviate the need for setting up new production 
In 1996-2000 and will serve as a disincentive for natural uranium production in the ensuing 
period 


And finally. the last conclusion of the uranium balance analysis. After getting to the market. 
even the minimum volume of uranium mining and production in the CIS (15-20%0) and the 
planned small batches of reprocessed tuel (10%). together with warehouse stock utilization (40- 
50%). mining enterprises in the rest of the world are lett with only 25-35%o or 15-20 thousand 
tons of uranium. 1.e.. the figure 1s equal to these countries current production in 1993 or even 
less. Thus, it 1s necessary to discuss a ‘oint policy toward scaling back new production both in 
the CIS and in the world in 2000-2010 rather than its increase after 2(-90 


Negative impact of dropping uranium prices and lack of market controls. [n uranium 
utilization. We are still far from reaching the limit of resource conservation. It 1s perfectly 
obvious that this can be largely attributed to the military phase in the uranium industry history 
when the time factor rather than the environmental or economic considerations was the most 
Important. | oday. however. the need for resource conservation and possible ways of accomplish- 
ing 1t are becoming increasingly apparent. vet this is in conflict with the economic factors which 
have already evolved for various reasons. primarily due to natural uranium prices. And even 
though this may sound paradoxical. the low market price not only fails to stimulate but restrains 
and largely interferes with increasing the uranium utilization degree 


We have already mentioned the need to increase the fuel burn-up in nuclear power plant reactors 
In this case. a decrease in the uranium prices serves as the disincentive. vet this is relatively 
minor since an increase in the NPP fuel burn-up lowers the whole range of outlays tor the 
preceding fuel cvcle. not only for natural uranium. but also for the process of uranium Isotope 
enrichment. fuel element and assembly fabrication. etc. Yet the low uranium prices play a direct 
negative role in production in the cases where uranium ts recovered as a byproduct. as. e.g.. a 
byproduct of phosphoric acid production in the United States at two plants of the IMC Fertilizer 
Company [14. 15] 
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Comprehensive raw material processing with the maximum recovery. or better still-- 1th recovers 
of all components--is a tech aology of the future. Anc if the price of the ready r oduct made 
from one of the components decreases so much as to make it unprofitable to mine 't. this 1s not 
ecologically viable. 


We know that the uranium utilization degree at the stage of enriched ~**U is low. Ai most of the 
enrichment facilities which shape the enrichment services market, 1.e.. USEC (Unitec: States) and 
the Eurodif plant (France) where obsolete diffusion technology 1s used. only 60-75°. :s recovered 
from natural uranium with a 0.711% ~*°U content (60% with a 0.3% tailing. and in e.ireme cases. 
75% with a 0.25% tailing). Even at the more economical production facility ci the Urenko 
Company. its concentration in the tailings 1s also close to 0.25-0.3. 


Yet as the price for uranium increases. it becomes profitable to recover the **U secessary for 
thermal reactors more fully. At the Russian plants where centrifugal equipment «i.sures a low 
cost of production. conditions exist today for saving natural uranium costing $70/kg |) recovering 
LU to a residual content of 0.06-0.1% in the tailings. i.e.. to bring up the uraniun: utilization 
degree to 88-92°o. This would lower the demand in natural uranium by at leas. 40-45°%. and 
given ().06% in the tailings--even by 50%. 


The excess isotope separation production capacity being freed up in Russia increases the profit- 
ability and probability of increasing the ~“U recovery fraction. If all Russian plant tacilities are 
activated. the additionally recovered uranium would be equivalent on the world n:arket to 6-9 
thousand tons of natura] uranium per vear. vet the price ror this technical uranium .vuld be less 
than $60/kg. 


This will be even more advantageous when the United States develop the laser-assisted isotope 
separation production facility where the process would be even more economical. }urthermore. 
this is a realistic wav of developing new jobs in the United States for making up for the job 
losses resulting from the decline in natural uranium production. 


Could it be more efficient to set up joint production for tailings reprocessing: a {. ussian-'.S 
plant with Pussian centrifuges which are the most advanced in the world and t!.2n hire the 
American workers who are mining unprofitable uranium in the United States? 


As we can see. this way. the uranium production can be decreased by at least 40°. regardless 
of the size of the NPP uranium enrichment demand market. and we can regard this path as real- 
istic starting with 1995. emploving Russian production facilities. provided that econ«:mical long- 
term contracts are signed and that starting with 2000-2005. the U.S. laser producticr techno!og\ 
1s utilized. 


Yet one should also keep in mind that since the start of uranium production on 4 -ommercial 
scale (between 1938 and 1993). approximately 1.700-1.800 thousand t of natural u'anium lave 
been mined in the world (more than | million t of which--in the West) and mosi of it 1s now 
stored in the form of tailings with a 0.3% ““U content. These tailings should ¢». gradually 
returned for reprocessing in order to recover additional ““U which ‘vould be equiva'vnt to hring- 
ing into production 500-600 thousand tons of natural uranium. Due to these source alone one 
would be able to supply all NPPs in the world with fuel for 10 vears. 
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Finally. it is expedient to use non-burnt-up uranium for reprocessing spent fuel and implementing 
a closed fuel cvcle. According to certain data. secondar\ materials uulization (uranium and 
plutonium) 1s economical at natural uranium prices above $9.5/lb of .O,. And if natural urani- 
um prices are higher. more countries would engage in such reprocessing. so 1t would be possible 
to meet the demand of 20-25° 0 of the uranium market in the world by reprocessing. thus lowering 
the demand for mining. 


Also. one should not forget the stocks 1n the form of weapons-grade plutonium whose uulization 
in the fuel cvcle is more likely. but not until] 2005-2010. As one can see from the above figures. 
even after 2010. there will be no need to increase natural uranium mining. Yet it is perfectl\ 
obvious that a higher uranium utilization degree and its lower mining volume would reduce waste 
at all fuel cycle phases which will make it possible to minimize the negative environmental! 
impact and will call for increasing the outlays for scientific research. Consequently. we should 
promote and stmulate an increase in the natural uranium prices from the short-term market level 
to the Jong-term contract market level. 


Need for international government control of production and market in the nuclear fuel 
evcle. In contrast to even some official viewpoints. the author of this article finds justification 
for the economic rationale of the complaints against low prices contained in the L.S. anudumping 
case against the CIS which supplies natural uranium. Yet it would illogical to sign an agreement 
(or contract) which limits the uranium export volume and in reality--would stop 1t altogether and 
both objectives of such a measure appear to be even more illogical: protecting uranium producers 
in the United States and shutting off one country s market from other. randomly selected supplier 
countries. These measures have not achieved their objective: They did not enhance the market 
(by mid-1993. the activity level in the short-term market was considerably lower than that noted 
in mid-1992 [16]) and did not increase prices in the spot market [17]. While the price rose 
somewhat 1n the U.S. market. it fell outside the United States. And the victims were not those 
who caused the drop in prices bv selling off warehouse stocks but U.S. and CIS companies which 
had not sold off the stocks prior to 199]. Finally. since the free short-term market for such a 
strategic commodity as uranium. unregulated by the state. would lead to an unacceptable collapse 
of prices. this would harm noi only the interest of individual companies but also ror the long-term 
development outlook. and would require not individual steps to protect one given country but 
multilateral or intergovernmental agreements and nauonwide forms of regulating this market 
One can hope that Russia and Euratom will conclude an agreement similar to the one concluded 
between the Euratom and the United States. Canada. and Australia with equitable uranium 
shipment quotas for the European market. allowing the shipments from warehouse stocks. both 
military and civilian. A similar antidumping agreement with the United States 1s also necessary . 
Yet these agreements must outline efficient and equitable wavs of increasing natural uranium 
prices. primarily for the purpose of improving the environment and then--for sumulating resource 
conservation. It is necessary to ensure that the prices reflect an increase in the scope of activiues 
necessary to restore the mines. and not only on the surface but within their entre geographic 
range. A part of the radioactive waste reprocessing and containment costs should be borne not 
only by the nuclear power plants but also by uranium producers and must be reflected in uranium 
prices. 


Finally. it is not only necessary but also feasible to increase the prices Given « genera! decline 
in the uranium volume per unit of generated electric power. prices for uranium should increase 
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disproportionately (some of the profit should be retained by the producer as an incentive). A 
price floor should be set. According to anudumping agreements, it is expected that some of the 
constraints on uranium trade between the CIS and the United States will be lifted when the price 
rises to $13/lb of U,O, ($24/kg of uranium). and all constrains will be lifted after reaching $21/Ib 
(1.e., $40/kg of uranium). Although it is unknown how these prices are set. they are the same 
as the lowest level necessary for accomplishing the objectives described in this article. 


We know that according to the finding. of various authors. the use of mixed uranium-plutonium 
fuel (closed cycle) 1s economical for various regions compared to uranium fuel (open cycle) at 
a natural uranium price of between $9.5/Ib of UO, ($18/kg U) and $40-60/kg of UO, ($20-30/Ib 
of U). 


We also know that forecasts for laser-assisted isotope separation in the United States indicate that 
a price of | kg of separation activity is at a $40 level. so 1 kg of technical uranium will cost $60- 
70, 1.e.. will be competitive at a higher natural uranium price. This is the same as the price floor. 


It is important to retain the price incentives for increasing the quality of the mining and produc 
tion facilities (without increasing the production volume). And one should not forget to mention 
the priorities in setting the quotas. The first priority is selt-sufiiciency. 1.e.. raw material ship- 
ments from the supplying enterprises located in the same country with the consumer. at least to 
the extent of 20-25% of the demand. The second priority 1s the sale of nuclear munitions materi- 
als; given the necessary controls and protection of these reserves. It ls necessary to maximize the 
most reliable method of preventing their military applications and spent nuclear power plant fuel 
reprocessing. The third priority 1s selling off excess warehouse stocks and reprocessing the 
tailings. The fourth priority 1s to utilize the richest deposits. both from the quality and quantity 
viewpoints. as sources of the most economical production and the least harmful environmental 
impact from their development. 


If this is the case. the price of up to 20% of the uranium trade volume will not have to be limited 
in contracts in order to stimulate the uranium mining and production efficiency: this 20% should 
be provided at free-market prices as 1s the case today with the short-term uranium market. Yet 
in contrast to today's situation with quotas. domestic producers as well as the necessary environ- 
mental entities will be protected to a certain extent. 
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Operating Experience of EP-500'1R Ceramic Melter for Liquid High-Level Waste Vitrification 


947F0148C Moscow ATOMNAY A ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 183-188 


[Article by A.S. Polyakov, G.B. Borisov. N.I. Moiseyenko. All-Russian Scientific Research 
Institute of Mechanical Engineering Standardization imeni A.A. Bochvar. V.I. Osnovin. Ye.G. 
Dzekun. G.M. Medvedev. V.A. Beltvukov. S.A. Dubkov. Mayak Production Association. and 
S.N. Filippov. Scientific Research Institute of Chemical Engineering. Yekaterinburg: UDC 
621.365:666.1 | 


[Text] The highlights of more than two and a half years of operation of the improved EP-500/1R 
ceramic melter at the Mayak Production Association which reprocesses more than 5.250 m° of 
liquid high-level waste with a specific activity of 5-40 Ci/l produced by reprocessing nuclear fuel 
from VVER-440 reactors and research installations into phosphate glass are summarized in the 
article. The nitrite waste reprocessed 1n the melter has the following chemical and radiochemical 
composition. in g/I: 


Al 12.5-20 Sm 0.03-0.3 
Na 22-48 .3 Ru ().03-0.] 
Fe 0.3-3 Rh 0.01-0.35 
In Q.2-2.5 Pd 0.01-0.1 
Cr Q.1-0.5 U ().75-2.5 
Ca 0.3-3 Pu up to 0.0] 
La 0.05-2.4 Sulfate-ion 0.35-0.9 
Ce 0.03-0.3 Free nitric acid 50-129 
Nd 0.03-1 Solid phase 132.8-261 
concentration 


The waste has the following radionuclide concentration. in %: 


Sr 28.5-45,2 Eu ().7-1.6 nae & 7 .0-7.9 
Cs 35.5-47 Pm 1.6-1.8 Ru 1.5-7.9 
Cs 2.1-6./7 
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Fig |. EP-S00 TR ceramic melter (axial and lateral cross-sections) 


The principal element of the melter is an electric furnace which 1s a rectangular poo! lined wit! 
tused Bacor-33 bricks inside a water-cooled metal housing (Fig. 1). The turnace pool ts divided 
into three zones--melting. transfer. and accumulauon. Molybdenum electrode cores encased in 
water-cooled current leads are built into the floor of each of the turnace zones. Three water- 
cooled feeders through which the slurry mixed with liquid glass-forming flux (orthophosphoric 
acid) and “Ru volatility suppressor (ethylene glycol) is delivered to the glass body surtace prior 
to treatment are installed in the ceiling dome over the melting zone (Fig. 2). Since the start of 
its Operation. 13 hatches of fused waste with a volume of up to 120-580 m> have been processed: 
before delivery to the melter. they were mixed for 120 h and their composition was adjusted 1n 
order to obtain phosphate glass with the following principal components. in °o by mass: 23.09 
of sodium oxide. 18.42 of aluminum oxide. 52.21 of phosphorus oxide. and 7.71 total tor the 
oxides of corrosion products. calctum. rare earth elements. zirconium. etc. 


As it 1s produced. the glass melt travels trom the foundry zone through the transfer zone to the 
accumulating zone trom where it 1s periodically dumped into 220-liter containers installed on a 
stepping convevor through a discharge unit. According to the existing transport procedure. the 
containers with cooling glass are packaged into cases with subsequent transter to a temporary 
Waste storage in the vitritication secuon. The melter has a capacity of 400450 Th of slurry 
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containing up to 260 g/l of oxides and 100-100 kg/h of vitrified waste. The gas scrubbing system 
consists of a bubbling condenser. coarse and fine treatment filters. and pyrolusite and absorption 
columns frotn where the exhaust gases from the furnace are either pumped or discharged by 
ejectors into the atmosphere through a stack. The following data on the performance of the 
principal melter units were accumulated in the course of the melter operation. 
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Fig. 2. Block diagram of commercial liquid radioactive waste vitrification furnace: |--Electric furnace: 2--Mixers: 3-- 


Metering pumps: 4--Hydraulic gate: 5. 6--Coarse and fine processing filters. respectively. 7--Pvrolusite column: 8. 9-- 
Catalytic and absorption columns. respectively: 10--Bubbling condenser: | 1--Conveyor: 12--Container: >. ®. «--Manua! 
and electric valves and meter: a--Original slurry: b--Ethylene glycol solution; c-- Water, d--Into the atmosphere: e--To the 
"head" of the process 


Electrode assembly. |t consists of two sets of electrodes with transverse foundry zone electrode 
positioning which operate without current transfers with a uniform electric load on the electrodes. 
thus ensuring the design capacity of 400-450 I/h of slurry as the vitrification process parameters 
stabilize. With a transition to making lower-melting glass. electric current leaks from the transfer 
zone to the melting zone which were observed in the earlier operating phases were ¢.)muinated. 
The water cooling system for electrodes and other assemblies operates reliably ana erisures con- 
tinuous delivery of water condensate for cooling individual electrodes and other elements with 
vis)'al (by the presence of a water jet in the drain funnel) and instrument temperature monitoring 
(the water temperature at the outlet does not exceed 35°C) and water quality control (with a con- 
ductivity of 10°Q'' cm’. pH. etc.). The possibility of tap water ingress into the cooling system 
is completely ruled out. Studies on a laboratory scale as well as using a pilot EP-100M furnace 
with a simulator demonstrate that accumulation of a precious metal residue on the melter bottom 
increases the electric current by 1|.5-2 times with al] other electric waste vitrification process 
parameters being equal. Operating experience shows that thus far. no cases of considerable in- 
crease in the current in the melter have been observed which indirectly points toward to the ab- 
sence of noticeable precious metal residue accumulation in the melter. 
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Glass melt pouring assembly. [t consists of two gate and discharging devices. As shown in 
Fig. 1. the locking and discharging device consists of a water-cooled piston which operates by 
opening and closing the drain tap in the turnace and a water-cooled drain pipe through which the 
molten glass enters the containers. A special areaway is designed specifically for accommodating 
the glass drops and for dissolving the glass in orthophosphoric acid immediately before tapping 
During the melter operation. 2.000 glass melt batches were poured into 200-liter containers. Dur- 
ing individual vitrification verification periods. the temperature of tapped glass melt reached 
1.200°C. This high temperature was probably responsible tor burning through the drain pipe in 
one of the devices which resulted in fracturing the glass jet and glass melt spillage outside the 
container. After the drain pipe burned through. the glass melt was poured from the turnace 
through the second gate and discharge device. At present. the glass melt temperature during 
tapping does not exceed 840-860°C. which creates the conditions for prolonging the sate lite o1 
the glass pouring assembl\ 


Gas scrubbing system. No cases of noticeable gas duct fouling with sublimation products have 
been observed during the melter operation. The gas scrubbing system ensures a 10° ~ Ci | concen- 
tration of B-active aerosols (°° “Cs. Ru). Today. the volatile cesium. ruthenium. and iodine 
radionuclide distribution among the gas scrubbing system ts still being examined. Nitrous oxide 
discharges into the environment do not exceed the upper limit of environmental safety standards 
Both the operaung conditions of the absorption column and the unit of follow-up sanitary purifi- 
cation of the gas flow downstream trom the absorption column are being constantly improved 
because the stringency of sanitars standards for nitrous oxide discharges increases from vear to 
vear 


Instrumentation (KIPiA). Betore the start of operation. temperature 1n the melter is monitored 
by the following instruments: 


thermocouples placed under the dome of the furnace and in the gas duct for measuring the 
exhaust gas temperature: 


eight immersible thermocouples in molybdenum housings installed in the melt in the foundry. 
transfer. and accumulation zones: 


thermocouples 1n the furnace brickwork: and 
eight electrode thermocouples placed 1n the lower sections of the molybdenum rods 


After one vear of operation. all immersing thermocouples became disabled for various reasons 
Today. the vitrification process temperature is monitored by the flue gas temperature and by the 
molybdenum electrode temperature. The thermocouples installed in the molybdenum electrodes 
were calibrated on the basis of the experimental relationships between the thermocouple readings 
in the molybdenum electrodes and a portable thermocouple periodically immersed inio the 
foundry or accumulation zone melt: this was performed during the melter operation and made 11 
possible eventually to monitor the melt temperature according to the molybdenum electrode 
thermocouple readings. Glass melt accumulation before tapping was monitored by a glass melt 
level indicator. At various operating periods. the tapped glass melt was monitored by a gravity 
device. using visual observation of the glass level in the containers. or by using a gamma-detec- 
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tor. Operating experience shows that the gamma-detector is the most reliable device for monitor- 
ing the tapped glass melt. During the initial furnace operation phases. delays in the glass melt 
transfer from the foundry to the accumulation zone were observed due to the formation of viscous 
and solidifying glass. A glass level indicator was introduced for monitoring the glass melt 
movement in the melter. The use of two glass melt level indicators makes it possible not onl 
to monitor the glass melt movement in the melter but also to determine more reliably the materia! 
balance of vitrification using data on the waste charging and glass tapping. 


The reason for the development of viscous and crystallizing glass is the presence of suspensions. 
pearlite. and sand in the solutions which cannot be quantified or characterized. A composition 
of lower-melting glass with a decreased aluminum oxide concentration was developed in order 
to decrease the glass viscosity and lower the operating temperature of the glass founding and 
tapping. A study of the rheological and crystallizing properties of phosphate glass made it 
possible to demonstrate the possibility of increasing the solubility of suspensions of pearlite. sand. 
corrosion products. etc.. in the glass melt by lowering the aluminum oxide concentration. These 
glass compositions have been used (Table !) to process more than 2.900 m* of waste. Furnace 
transition to founding phosphate glass with a lowered aluminum oxide concentration makes it 
possible to decrease the founding temperature to 950-1000°C and the glass melt tapping tempera- 
ture to 840-860°C (see Table |. lines 7-13) thus creating the conditions tor extending the melter 
service life by decreasing corrosion of the molybdenum electrodes. thermocouple casings. and 
giass level indicators. This decrease in corrosion expands the possibility of using commercial 
high-temperature alloys as materials for instrumentation sensors. e.g., nickel- and chromium-based 
alloys. 


A decrease in the glass melt temperature in the accumulation zone helps to decrease considerabl\ 
the discharge of light radionuclides during the glass pouring into the containers (Table 2). 


The stability of waste vitrification in the melter 1s ensured by maintaining an exhaust temperature 
in the gas duct of 350-420°C. When founding lower-melting glass (batches 7-13). the process 
occurs at stable parameters and ensures the design initial solution yield of 400-450 I/h. More 
than 5.200 m of liquid waste has been processed in the melter by 10 Aug 93 and more than 983 
tons of phosphate glass with a total B-activity of 136.6:10° Ci has been produced and packayed 
into 2.006 containers and 668 cases. respectively. which were shipped for storage. 


Today. waste reprocessing continues. and the melter service life is accruing. Work is underwa\ 
on justifying the addition of the optimum quantity of waste into the vitrification process with a 
high concentration of corrosive additives. e.g.. 1ron. nickel. and sulfur. 


Thus. the operating experience of the EP-500/1R ceramic melter which handles high level waste 
and whose production indicators have no counterparts is continuing. A similar melter with a 
complex design and an output of 170 I/h is still in the development stages in the United States: 
its operation will be supported by additional heating with the help of electrical resistance heaters 
located under the roof. 
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Table 2. Concentration of B-active radionuclides at the inlet of the glass pouring gas scrubbing 








system 
Sampling | Tapped Glass Temperature. Volumetric Activity of B- 
Date °C Aerosols. 10° Ci/l 
6 Jun 92 1.070 170 
24-27 Jul 92 940 44 
21-23 Sep 92 840 1.3 
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Principles of Dose Rate Sensor Placement Around Nuclear Power Plants 


947F0148D Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 188-193 


[Article by A.P. Yelokhin. All-Russian Scientific Research Institute of Nuclear Power Plants; 
UDC 539.18] 


{Text] The impact of nuclear power plant accidents involving radioactive substance discharges 
into the atmosphere may be assessed both analytically and by using instruments. The analytical 
method is based on a software package which calculates the transport of radioactive substances 
in the atmosphere and the resulting contamination of the environment while the instrumental 
methods are based on a combination of exposure dose rate sensors of an automatic radiation 
environment monitoring system (ASKRO) positioned at the monitoring spots at the work site. in 
the exclusion zone, and in the low-population zone. Demographic. economic. and environmental 
requirements are imposed on the location of observation stations in the exclusion zone and low- 
population zone. The demographic requirements are determined by the population density 
criterion: the monitoring station is set up at an inhabited locality with at least 5.000 residents [1]. 
The economic requirements are reduced to limiting their number which is due to the high cost 
of communication lines, equipment (transducers. data receiving and transmitting devices. and 
microcomputer systems), personnel salaries. expenditures for social purposes. etc. The environ- 
mental requirements amount to ensuring highly detailed information about the surrounding envi- 
ronment pollution level for any discharge direction which can be achieved by increasing the 
number of monitoring stations at the work site and in the exclusion zone. 


The resulting contradictions can be resolved if the monitoring stations are positioned along the 
exclusion zone perimeter. Then given any wind direction. the exposure dose sensors of the 
automatic radiation environment monitoring system stations will be capable of detecting y-radia- 
tion of the discharge plume or cloud spreading in the wind direction. In this case, the number 
of monitoring stations is found by the following method. It is assumed that the impurities are 
being scattered at an altitude of /,, under the worst weather conditions which are usually assumed 
to be the F-type stability category from the Pasquill-Gifford stability mode! class [2]. This 
stability class is characterized by considerable wind-generated transport and a weak transverse 
discharge plume diffusion. An exposure dose rate equal to the maximum safe dose for group B 
or 2.3:10° mSv/h is selected at a distance of R < 3 km on the underlying surface assuming that 
this dose rate is created by the discharge plume spreading in a given direction at a selected point. 
The dose rate distribution in the direction perpendicular to the radius is calculated on the underlv- 
ing surface assuming that the maximum safe dose is realized at the distribution peak. 1.e.. along 
the radius of the zone boundary. The resulting distribution is used to find the distance at which 
the dose rate is equal to the sensor sensitivity threshold of ( D,) 4, ~ 0.1 mSv/h. If this distance 
is equal to 6. the necessary number of sensors is determined by the integer of the ratio of 
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\. = [2nR'20]=[2R/o} while the sufficient number is greater by a unity. ie. .\, = A. + 1. For 
the F-stability class. .\, = 22-24. For a different stability class (e.g.. A) when the transport rate 
is low but the impurity diffusion 1s considerable and other discharge parameters remain unchang- 
ed (rate and isotope composition. \. = 14-15 [3], 


Thus. the least number of sensors positioned in the exclusion zone which record the discharge 
plume at any wind direction for the /-stability class or higher is 23-25. We should note that the 
above monitoring stauon placement principle is expedient for this zone only in the case where 
the substances are discharged trom the ventilation duct of the nuclear power plant in nominal or 
emergenc\ conditions. In this case. the most important discharge parameters are the initial 
temperature and pressure of the jet 7, and ?.. dose rate ?,. and the isotope composition of the 
impurities or the spectral composition of y-radiation which may be measured by special sensors 
or a combination of sensors installed in the mouth of the ventilation duct. A different situation 
develops as a result of an unauthorized discharge of impurities in the torm of an overheated gas 
yet from vents. valves. vessel leaks. or torn holes or slots developing as a result of explosion or 
rupture of reservoirs exposed to high pressures and high temperatures In this case. it 1s almost 
impossible to determine experimentally either the parameters of the jet ejected from the holes or 
the volumetric activity of the impurities. nor 1s it possible to determine their radiation characteris- 
lcs since we don t know either the spectrum or the mean energy of y-radiation and. in the final 
analvsis. 1t 1s impossible to determine the scale of environmental pollution and to assess the 
ecological impact of contamination since such emergencies are extremely rare and cannot be 
predicted. Yet the development of versatile equipment which could be used for measuring the 
above parameters and characteristics in any situation is an almost impossible task and. moreover. 
may result in sharply increasing the cost of nuclear power plants. Nevertheless. in the case of 
a substantial surge-like transient impurity discharge through the openings. radioactive contamina- 
tion of the environment can be assessed by using the readings of the process sensors installed in 
the vessels which determine the medium temperature and pressure as well as the automatic radia- 
tion environment monitoring svstem sensor readings which determine the exposure dose rate from 
the cloud formed as a result of the discharge. In this case. neither the work site nor the exclusion 
zone sensors must be arranged in any specific pattern which requires that the distance from the 
likely radioactive danger source. 1.e.. nuclear power plants. to anv sensor be strictly different. 
To confirm this. it would suffice to consider the general eguation for the dose rate at points 
P., = P(x... 2,) located on the underlying surface from a bulk source (cloud) with the following 
volumetric activity distribution in the cloud g(x. \. 2): 


E (1) 


Diy. = D(X;13'-2,) = J a(E) u(E) p(E£) E| g(x,y, z) (B(E, R)/R*) exp(—u(E)R) dv dE, 
E y 


@ir 


where a(£) 1s the dependence of the detector sensitivity on the y-radiation energy of impurities 
in the cloud: u.(£) and p(£) are the true absorptivity and linear attenuation of y-radiation in the 
air. respectively: BE. R)= 1 — a(L)uRexp[b(E)uR] 1s the accumulation factor: a(£) and b(£) are 
known energy functions [4]: @(£) 1s the unknown differenual impurity y-radiation spectrum: x 
\. 2 are the current coordinates: x,. 1. 2, are the coordinates of the automatic radiation environ- 
ment monitoring svstem sensors: and 





oe. / \2 « .\e ow 
R=./ (x — X;) + (y- 3) + (z— z,) 
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Assuming that the discharge cloud js short in duration, one can ignore its displacement relative 
to the symmetry axis. The short duration requirement significantly simplifies the method of 
assessing the cloud exposure dose rate whereas assessment of the dose rate in a dynamic propaga- 
tion case calls for taking into account not only its deformation during the transport process but 
also the atmospheric weather factors. the underlying surface roughness. and its contamination 
degree which considerably complicates the evaluation and lowers the confidence of sensor read- 
ings due to their likely radioactive contamination. 


Thus. the coordinates of the cloud center of mass can be determined as follows: 


Xy= J xa(x, y, 2) dv/Qy, Yo= J vocx, y, z) dv/Q), Zo= | zq(x, y, 2) dv/Q),; 
V V V 


Q,= J a(x, y, 2) dv. 
V 





. ‘ 7 ; \e _ 6n . 
Assuming ‘hat the distance Riy=V (Xo- xi)" + (Yor ¥)°+ (29> 2)" from the center of mass to an\ 
automatic radiation environment monitoring system station 1s much greater than the characteristic 
cloud dimension. we can represent the volumetric activity g(x. ). 2) in the following form 


q(x, Y, 2) = QyO(x — Xy) O(y — yo) O(z — 29), (2) 
where 6(x) 1s the delta-function. 
After integration of a volume with g(x. \. =) from expression (2) in expression (1). we obtain 


D(R iy) = Qy | a(E) H4(E) (BCE, Riy)/R2,) exp|—H(E)R, 4 P(E) E dE, 
E 


min 


where / = 1. 2..... NN. 1s the sufficient number of monitoring stations. Equation (3) tor o(/) 


is a first-kind Fredholm equation which belongs to a class of incorrect problems for a given 
sensor measurement error. A nontrivial solution of equation (3) is possible if R,, = R: 


Ri* Ri Ft Ri 4%... #Ry- (4) 


1 


Equation (3) 1s solved by substitution o(£) with a group spectrum. by approximating the integral 
with a finite sum. or. consequently. by a system of linear algebraic equations. 1.e.. a svstem of 


Ag =D, (5) 
where the A operator is an \, x Af matrix (NV. > M) with a matrix element equal to 


l 


a, = a(E) u(E)} + a(E') u(E;) R. exp[D(£ ) u(E') R exp(—“(E£) R,| EAE: 





This report contains information which is or may be copyreghted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















eT 





d is the vector of the unknown solution with the components of @. / = 1. 2..... 44: D is a given 
vector of measurement results with the components of D, = D(R)R/O,. 1 = 1. 2... No 


Among available methods of solving the system of linear o!gebraic equations, the most popular 
are the regularization methods [5-6] and iterative regularization methods [7] in which the un- 
known solution is found by taking into account the error on both the right side of equation (5) 
and in the operator A if such is present (in this problem. this error may be due to the accumula- 
tion factor). On the other hand. special methods have been developed for the ionizing radiation 
spectrometry tasks which are characterized by a rigid requirement of positive solution @, 2 0. 
where / = |. 2..... \/ and the absence of error in the A operator [8-10]. 
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Fig. |. Bar charts of the original (—. EF = Fig. 2. Likely placement of automatic radia- 
0.567 MeV) and reconstructed y-radiation tion environment monitoring system monitor- 
spectra using methods from [9] (---. E = ing stations in the exclusion zone along the 


0.526 MeV) and the regularization method 
[6] (-*-. F = 0.512 MeV): 6(£) ts in relative 
units (left). 


To verify the methods of calculating o. we defined the initial spectrum 


Archimedes spiral (at the intersection of the 
curve with the ravs and in the multiple 
pointed star at the apices and bases of the 
rays) (right) 


aw(£) and then used 





equation (3) to find D(R,) which was distorted within the real sensor error (30%) after which we 
solved the inverse problem of determining o,. One can see from the illustration of the solution 
of equation (5) shown in Fig. | that the original and reconstructed spectra are rather consistent. 
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while the solution obtained by the matrix Inversion (unsatisfactory solution) 1s shown in the table 
together with these spectra: g = (A*A) 'b where A* is the adjoint of the matrix A: (A*A)_ is an 
inverse matrix with Af x Af dimensions: b = A*D is a vector. Condition (4) imposes certain re 
quirements on the placement of monitoring stations around the nuclear power plant: when posi- 
tioning the monitoring stations (automatic radiation environment monitoring system exposure dose 
rate sensors). one should avoid axial and central symmetry since otherwise the number of equa- 
tions (3) or (5) with a differing right side decreases by twofold or fourfold (in the case of axial 
symmetry) or results in a total degeneration of the system of linear algebraic equations (when the 
sensors are positioned along the exclusion zone perimeter. 1.e.. with central symmetry). Further- 
more, we have already mentioned that sensor placement along the zone perimeter reliably records 
the discharge plume or cloud spread tor any wind direction. As a result of taking into account 
these contradicting requirements. the number of monitoring stations R, must increase with an 
increase in the azimuth angle measured trom any direction (e.g.. in the Archimedes spiral). The 
plots of such curves are shown in Fig. 2: they represent either a smooth curve for which K 1s a 
RO: 0 = (Ab 7 = 1. 2. 30... No AO = 2n/N RR. = 240-480 mm. or a 


~ 


function of angle. R 
multipointed star. 


Comparison of the original @,,, and reconstructed spectra 


























Energy. MeV Spectrum o(/: ) 
a priori Calculated by 
[9] [6] Inverse matrix 
().37 1.768 1.784 1.851] -0.088 
(). 748 0.503 0.73] 0.671 0.0 
1216 0.328 | 0.149 0.137 -0.802 
| 496 7358-10 | |.56-10 1.447-10 -1.07-10 
187 | 9610" fF 2.28-10" 213-10" 2.8434 











In determining o(£). one can find the mean spectrum energy £. clarify the total cloud acuvity, 
calculate the underlying surface pollution level, and assess the environmental contamination scale 
as a Whole. For a given o(£). the mean energy F= J p(E) E dE/| p(E) dE. 

E E 


For the £ value tound at the point of the /-th automatic radiation environment monitoring s\ stem 
Station. the dose rate can be determined by the following expression [11 |: 


D= D(R) = 1,45: 10u (E) E | g(x, y, Z) (BE, R)/R?) exp [—u(E)R }dv [mP/y]. 
V (6) 


By using equation (2) and integrating expression (6). we obtain 


D.= 1,45-10°u (E) EQ, (BE, R;)/R?) exp[—u(E)R, ]. 
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This equation makes it possible to determine [Q,], for each monitoring station: 


(Oy ym DERTERPMCEDR) LOOT DN 
V ;* —_ «= — ’ js ’ errs 
1.45 u,(E) EB (E, R,) 





a 


and its root mean square value of 


N 
Qy= x [Qy]7/N,. 
i=) 
The latter value is the total radioactive cloud activity. Thus. together with environmental. eco- 
nomic, and demographic requirements, the requirements for placing the automatic radiation 
environment monitoring system stations determine the principles of their positioning on the work 
site, in the exclusion zone, and in the low-population zone around the nuclear power plant. 
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Soil Contamination with Radionuclides in Russia s Residential Areas Due to Chernoby! Nuclear 
Power Plant Accident 


947F0148E Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 209-212 


[Article bv M. Yu. Orlov. V.P. Snvkov. and L.P. Bochkov. Typhoon Scienufic Production Associ- 
ation: UDC 3539.12.08] 


[Text] Today. an assessment of the activity of such long-lived radionuclides as '°’Cs. “Sr. and 
-*%.°4°Pu is an important tool for determining the habitation and economic activity conditions in 
Russia s residential areas contaminated as a result of the Chernoby! nuclear power plant accident 


We know that notuceable quantities of these radionuclides entered the natural environment during 
the nuclear weapons tests in the atmosphere. Consequently. it would be natural today not to 
focus attention solely on the regions where radioactive contamination differs noticeably from the 
global pattern. The maximum global fallouts have been observed over the entire globe in the 
early Sixties. during the peak intensive of atmospheric tests of nuclear weapons. 


Estimates show that the density of '*’Cs soil contamination (.4,-) in European Russia as a result 
of global radioactive fallout can be regarded today equal to approximately 60 mCi/km: [1]. The 
ratio of independent “’Sr’'*’Cs vields as a result of fission is equal to 0.47. The “Sr’* Cs activity 
ratio virtually does not depend on the time elapsed after the ~“’Pu nuclear device blast and is 
equal to 0.39 [2] 


4 


Data on the measurements of the “Sr’* Cs activit. ratio measurements in global precipitations 


over the territory of European Russia are cited in {2}. This ratio averaged over 10 measurements 
is equal to 0.46=0.05 which 1s almost the same as the ratio of independent vields 


There is no ~*~*Pu in nature since these plutonium isotopes are anthropogenic and enter the 
natural environment during the explosion of nuclear devices. as a result of emergency nuclear 
power plant discharges. and with discharges and effluents from spent nuclear fuel reprocessing 
enterprises where they are formed during the radiation-induced neutron capture by -"U (-“Pu) 
or ~’Pu (~*’Pu) nuclei. 


Data on the global fallout of “Sr. '° Cs. and -**-*’Pu averaged for the latitude belts of the northern 
hemisphere are summarized in the 1977 report by the United Nations Scientific Committee [4] 
According to these data. the “Sr” Cs activity ratio is equal to 0.625 while allowing for the Cs 
decay. the -~~*’Pu’’ Cs ratio should be equal « day io approximately ().015. which is not incon- 


sistent with the results of direct measurements 
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The *°?’Pu/'’’Cs activity ratio in global precipitation was measured on several occasions during 
1962-1975. and it did not change and remained at a 0.0117+0.0005 level [5]. In so doing. it was 
assumed that the constancy of the ratio was due to the intake of the corresponding radionuclides 
due to the Chinese and French atmospheric nuclear blasts. Allowing for the '°’Cs decay. this 


ratio today should be equal to ~0.02. 


Allowing for the aforementioned global values of A,, as well as the corresponding activity ratios. 
we can assume the figures of 0.15 and 0.006 Ci/km- as the ”’Sr and ****’Pu contamination levels 
(A,, and 4,,). respectively (fivefold values of the corresponding global background contamination) 
on whose basis one can assert that they are due to the Chernobyl! nuclear power plant accident. 


Table 1. The number of localities examined and samples measured in Russian territory (as of 
August 1993) 











"Cs. number of *’Sr. number of **°24°Bu_ number of 
Oblast 7 7 | 
localities samples localities samples localities samples 
Belgorod 80 530 
Bryansk 2.194 17.536 490 1.057 97 115 
Voronezh 194 1.704 - - - 
Kaluga 601 3.826 9? 147 3 13 
Kursk 396 1.574 - - - 
Leningrad 7] L212 15 15 
Lipetsk 116 839 - - - 
Orel 1.407 5.095 2 | 40 - 
Ryazan 254 2.437 - . : 
Smolensk 45 226 - - - 
Tambov 79 534 
Tula 2.366 11.277 58 108 4 9 
Total 7.443 45.587 435 805 102 135 





























One can see from the figures in Table | that most attention has been focused on '*’Cs contamina- 
tion since it has been established that the *’Sr or **’**’Pu pollution criteria had not been exceeded 
in any of the residential areas in Russian territory (Table 2. [6]). Indeed. A,, > 3 Ci/km- was not 
measured in any of the residential areas in Russia. Moreover. no cases of exceeding an A,,=0.1 
Ci/km? have been discovered. In Kaluga and Tula oblasts. 4,, does not exceed 0.3-0.4 Ci/km’ 
in all cases. The maximum A,, value was observed in the village of Barsuki in Brvansk oblast--it 
was equal to approximately 1.3 Ci/km~. Moreover. in all cases. significant activity of this radio- 
nuclide was measured in the areas with a high 4,,. and not a single locality can be classified as 
belonging to the. e.g.. relocation zone solely due to “Sr contamination. The highest A, values 
among the Bryansk oblast localities under study were observed in the town of Klintsy and the 
village of Velikaya Topal. But even there. 4, did not exceed 0.008 Ci/km~. Individual localities 
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where noticeable plutonium isotope contamination was also noted were detected in Kaluga and 
Tula oblasts (up to 0.013 Ci/km>). 


Table 2. 


Residential area classification criteria 





Zone 


Criteria 





Alienation (Eminent domain) 


Relocation and evaluation in 1986 





Relocation 


A,, > 15 Ci/km’. Ay, > 3 Ci/km or A,, > 





0.1 Ci/km 
Mandatory relocation given 4.. > 40 Ci/km- 


Average annual effective dose exceeding 5 
mSv (0.5 rem) 


Certain special conditions 





Residents with right to relocation A, from 5 to 15 Ci/km 

Average annual effective dose exceeding | 
mSv (0.1 rem) 

Certain other conditions and additional 
criteria 





Right of residents with socioeconomic bene- | 4,, from | to 5 Ci/km 


fits 


Average effective dose not exceeding | 
mSv (0.] rem) 


Certain special conditions and additional 
criteria 














In addition to ~’’-*'Pu. ~**Pu was detected in all residential areas. The measured ~“Pu’**’Pu 
activity ratios fall within a 0.2-0.4 range. Calculated estimates for high-power pressure-tube re- 
actor (RBMK) fuel with a corresponding burn-up fraction [7] reach 0.2-0.5 which is quite consis- 
tent with the experimental findings. 





) Distribution of the number of inhabited locali- 
5st | ties based on the mean © Cs contamination 
density: Y-axis--Number of localities. 


08 
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For different esumates. 1t would be beneficial to examine the empirica: dependence .\\A;,) where 
Nis the number of inhabited localities with a given pollution level. -. descripuon of the corre- 
sponding distribution using the least squares method demonstrates that \(.4..) 1s adequatel\ 
described by the exponential dependence (A..)d4 = (.\/A‘--)dA. where \\ is the normalization 
constant. The resulting plot is shown in the figure 


Table 3. Distribution of the number of inhabited localities in Russia by the '* Cs soil contamina- 
tion level 





























A.- range. Ci/km- 
Oblast _ _.. - | 
1-3 5-15 1S-4( | > 40) 
Belgorod 64 : : | . 
Brvansk 524 285 169 | 18 
Voronezh 57 - : | . 
Kaluga 277 | 80) - | : 
Kursk 133 - | - | - 
Leningrad | 54 . | . | - 
Lipetsk | fg | - - | - 
Ore! | 799 | 20 | - | - | 
Rvazan | 1§2 | - - | - | 
Tambo\ | 10 | - - | . | 
Tula | 1113 | 170 | ; 








The number of inhabited localities classified as belonging to various zones is summarized in 
Table 3 
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In-Pile Thermocouple Installation Quality in Water-Moderated Water-Cooled Reactor Tubes 


947F0149A Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 227-229 


(Article by A.S. Timonin and S.A. Tsymbalov. Nuclear Reactor Institute at the "Kurchato 
Institute" Research Center: UDC 621.039] 


[Text] /n-situ coolant temperature monitoring is the necessary condition for economical and safe 
operation of modern nuclear power plants (YaEU) [1]. In water-cooled water-moderated (VVER) 
reactors. the fuel element assembly (TVS) coolant outlet temperature is measured by chromium- 
nickel alloy-alumel! cable thermocouples positioned in special protective temperature monitoring 
channels [2. 3]. As they outlive their useful life. the thermocouples are replaced. This replace- 
ment calls for monitoring the insertion of the end of the thermocouple cable with the "hot" junc- 
tion into the tip of the temperature monitoring channel since this affects the coolant temperature 
measurement error. If the thermocouple cable end does not reach the mounting seat or is not in- 
serted fully into the seat during the installation into the tube. the size of the air clearance between 
it and the tube end increases and. consequently. the thermal resistance of the air clearance increas- 
es too. which leads to an increase 1n the dynamic measurement error [4] as well as the error due 
to the radiation-induced thermocouple heating [5]. 


Radiation conditions prevailing during the thermocouple replacement complicate direct assessment 
of their insertion into the channels. A method of indirect evaluation of the thermocouple inser- 
tion which 1s based on analyzing their signal amplitude after heating by an electric current pulse 
applied to the thermocouple wire 1s described below. In this case. the assessment of the thermo- 
couple insertion into the mounting seat at the end of the thermal monitoring channel is reduced 
to evaluating the thermal resistance of the clearance between it and the up. 


The method of applying current to thermocouples has been known and used for various purposes: 
for testing the electric resistance between the thermocouple wires [6] and between the cable 
electrodes and sheath [6]. for facilitating the extraction of jammed thermocouples [7] and for 
measuring the thermal response time [8. 9]. 


Let us consider a model of the thermocouple in the temperature monitoring channel which makes 
it possible to describe the response of the thermocouple partially inserted into the channel mount- 
ing seat to its heating by the current applied to the thermocouple wires. 


In order to consider this thermocouple response. it would be sufficient to consider a svstem of 
two thermal balanced equations [10] for its cable in the area of the hot junction and thermal 
monitoring channel end: 
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p.V.c(d7,/dt) = a,* (7, - 7,) + ¢, V,: 
p,V,¢,(dT,/dt) = a,,F,,(7, — T,) + a,,F,(7, -— T,) + @,¥;: (1) 


T(t = 0) = T(t = 0) = T,(0). 


where the characters with the subscripts | and 2 indicate the thermocouple cable and the tempera- 
ture monitoring channel tip. respectively: 7\(/) is the temperature averaged over the volume |" 
(t=1, 2): g(t) is the specific Joule heat release energy; p, and c, are density and specific heat: I’, . 
is the volume of the unit of thermocouple cable length and channel tip: F,, and F,, is the area 
of the outer surface in the coolant flow and the internal lateral surfaces of the unit length element 
of the temperature control channel tip: a,, is the thermal conductivity of the thermocouple cable 
contact and channel tip: a,, is the coefficient of heat transfer from the channel tip to the coolant: 
and 7,(1) is the ambient temperature around the thermocouple. It was assumed in deriving formu- 
la (1) that the temperature variation factors in the thermocouple and the tip equal to the ratio of 
the temperature averaged over the thermocouple and tip surface to the temperature averaged over 
the corresponding volumes are equal to unity. Heat transfers along the thermocouple cable are 
not taken into account in equation (1). By solving problem (1). we obtain the time dependence 
of the thermocouple cable temperature in the hot junction region 7,(1): 


T(t) = (4, - 4,)-{T,@) expt) — d,exp@,f) + 


+ fing (2A, + @,) + 87,2) + Aa,(e)expl(t - t))dr - 
0 


— fing (OG, + a) + 8,7,(t) + 4,4,(=)lexpla,(t - 1) dr}; 
0 


“1 aoe (2) 
Oy = (2y2F ip + ByyF MP 2V2Q) + 0, = @2Fi0,M,6,) 


5, ™ (2, ,F,.)°0,V,¢p 2% 26) A, = (2,,F 20, V,¢p2¢) 
By = (G78 95F oF xg MPViCP2V20q) = AA 2: 4, +A, = — (GF OY: 


n= HC,)'s Aa = A(~ (@ +O)  M(@, ~ 6)’ + 45,)°°)/2. 


Given 7,(1) = 7,(0) = 0. g.(1) = 0. and g, = g,(0)H(' - 7,). where /, is the heating pulse duration: 
H(t - ¢,) is an identity step function. so if /,. the solution of equation (2) assumes the form of 





0 ASA At)-A (A, + exp (A,!,) 3 
rir) = (a, + 24, + @,)exp (4,!,) (A, a} 2 ) (>) 


(A, ~ A,) 


For the TKhA-2076 thermocouple in regular temperature control channels of VVER-440 reactors. 
one can assume that A, = -a,. and 4, = -b,. This condition is satisfied with sufficient accuracy 
if (a,,/a,,) > (r,/r,). The parameters r, and r, determine the characteristic thermocouple cable 
and channel dimensions (7, ~ V/F,. i = 1. 2). In this case. equation (3) is transformed to assume 
the following form 


(0) 


q,(0)n, 
Tt) => Ul - exp (- 5,f,)). (4) 
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Let us consider the case of nominal thermocouple insertion. Given a good cable contact with the 
channel tip. the thermal resistance of the clearance a}, decreases. Let a}! — 0. Then the 


dynamics of the channel with the thermocouple inserted in it are described by the equation 
Pi (V, + Vy) ¢\,(@7,/dt) = OyF (7, - 7) + OY, (S) 


where 7\(/) 1s the temperature deviation averaged over the channel tip volume with the thermo- 
couple. from steady state to the current pulse; p,, and c,, are the density and specific heat of the 
"channel tip with thermocouple" structure. Given 7,(/) = 7,(0) = 0 and g, = q,(0)HU/ - ¢,). the 
solution of equation (5) assumes the following form as formula (4) yet with new values of the 
parameters 5, and n,: 


b a,,F,, 


2 Prrtil¥, + V2) 





Nn, = pC, [1 + (V,/V,)). 


Given a pulse duration of ¢, > h-.'. dependence (4) approaches a constant value equal to 


0)V O)V 
q,( ) \. T(t >> b;') - q,( ) | 
Fi : a,,F,, 


(6) 





T(t, >? b}) 7 ai) 


for the thermocouple inserted partially and nominally. respectively. 


It follows from expression (6) that the amplitude of 7,(1,>6+>') largely depends on the quality 
of thermocouple insertion into the tip. Experimental data for two typical installations of the 
TKhA-2076 (p. 4) into the temperature contro] channel tip in the protective tubes of the V-213 
reactor were obtained during preventive maintenance of the second generating unit at the Rovno 
NPP in 1990 during the thermocouple heating in one of the temperature control branch pipes 
when the protective tubes were located in the control well. Nominal thermocouple installation 
is characterized by the parameter 7,(/,>4-') which is smaller than the similar parameter for the 
thermocouple installed with a depth shortfall in the mounting seat of ~0.2 m. The measurement 
error makes it possible to predict such a difference. 








Functional block diagram of the thermocouple 
: a 2 heating unit: 1--Control module: 2--Power 
supply: 3--Thermocouple signal recorder: 4-- 
Circuit switch: 5--Equalization unit: 6--Ther- 
mocouple. 
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A diagram of a unit for electric heating of 
thermocouples is shown in the figure. The 
Lf ! thermocouple wires are heated by pulses shaped 
V 5 by an alternating current power supply source 
and the control module. Then the control mod- 
ule and the switch are used for switching the 
heating and thermocouple signal recording cir- 
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cuits. The recording circuit is a serious connection of the equalization unit. signal recorder. and 
the thermocouple proper. 


A regulating transformer design is selected as the power supply module. A KSP-4 plotter-poten- 
tiometer is used as the recorder. An equalization unit designed on the basis of a UPN differential 
direct voltage amplifier (developed by the Atomic Energy Institute (IAE)) which was used at the 
nuclear power plant has proven itself reliable and convenient. When taking measurements at the 
NPP. the heating and recording circuits were switched manually using a stepping switch. The 
switch design makes it possible to short circuit the recording module input while the thermocou- 
ple is being heated. 


To eliminate the heating of the "cold" thermocouple wire ends due to heat transfer over the 
circuits. a nominally installed thermocouple was connected to the unit through a specially de- 
signed operational segment with chromium-nickel and alumel buses which were connected to the 
power cables and equalizing wires. The temperature of the cold junct:ons was stabilized during 
the measurements. 


The information obtained by analyzing the thermocouple cooling curves after electric heating are 
also useful for analyzing the temperature measurement error during power operation of nuclear 
power plants. 
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Sulfate-Containing Waste Immobilization in Borosilicate Glass Using Fluoride Additives 


947F0149B Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 234-237 


[Article by O.K. Karlina. A.V. Ovchinnikov, and M.I. Ozhovan. Radon Scientific Production 
Association. Moscow: UDC 666.1.055.3:546.226] 


[Text] Selection of borosilicate glass as the radioactive waste immobilization matrix is largel\ 
justified by the properties of the final vitrified product intended for long-term storage: its high 
chemical. thermal. and radiation stability [1]. The borosilicate glass structure makes it possible 
to use it as the matrix for high- and medium-level waste of varying chemical composition. Yet 
individual ‘vaste components. such as sulfate. chloride. and molvbdate-containing substances have 
a limied solubility in borosilicate glass [2] which results in a phase separation (stable segrega- 
tion) during vitrification and a decrease in the vitrified product quality. 


Earlier. we proposed vitrification accompanied with recovery of glass-composite materials [3] for 
sulfate- and chloride-containing waste. In essence. it consisted of mechanical distribution of a 
melt of vitrophobic components in a glass melt in the form of disperse phase particles with a 
diameter of up to 200 um with subsequent mixture cooling until the development of a monolithic 
glass product with a heterogeneous structure. Thus. the method makes it possible to process 
waste with a varying chemical composition. including waste-containing vitrophobic components 


Traditional glass. as a rule. does not have an absolutely amorphous structure. Since considerable 
quantities of alkali and alkali-earth elements and transition series elements are added to radivac- 
tive waste-containing glass in addition to the glass base elements. they are usually classified as 
vitreous materials. Moreover. depending on the chemical composition of vitrified waste areas 
of microsegregation or crystalline origin are observed in the glass. 


This article deals with studying the possibility of processing sulfate-containing waste using the 
so-called "opacified" glass with a microheterogeneous structure. 


We know that fluoride components accelerate the melting of the glass charge and help to intensi- 
fv vitrification by lowering viscosity and surface tension. Furthermore. fluorides are among the 
most common and effective opacifying agents used in glass-making. We also know that the opa- 
cifving effect is reinforced in the presence of calcium sulfate. The concept of using fluoride 
additives for vitrifving sulfate-containing waste amounts not only to adding the maximum amoun 
of vitrophobic waste components into borosilicate glass without dispersing the glass melt but also 
to producing the end product which reliably isolates radionuclides from the environment 


The dependence of the degree of sulfate addition to borosilicate glass on the ratio of the sulfate 
and fluoride ions and the tvpe of the sulfate-containing component was examined 1n this study 
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Chemicall\ pure calcium fluoride (CaF,) was used as the fluoride-containing raw material. The 
sulfate-containing waste Components were simulated by sodium. calcium. and barium sulfates 


A study was conducted to determine the 
limits of sulfate phase inclusion into boro- 
Silicate glass as a function of the glass com- 
position. A powdered borosilicate frit con- 
sisting of chemically pure CaSO, and chemi- 
cally pure CaF, was mixed in certain ratios. 
The mixture in alundum crucibles was 
placed in an electric furnace and exposed to 
1.100°C for 1 h. The glass melt was poured 
off into stainless stee] cylindrical molds 
The glass samples with a 20 ml diameter and 
20 ml height were annealed at 500°C for 0.5 
h. then cooled to room temperature under 
natural conditions. The SO, variation in the 
glass as a function of the base component 
concentration in the glass under study and the fluoride ion is shown in Fig. 1. One can note an 
Increase in the degree of sulfate integration in the glass with an increase in the fluoride ion and 
calclum oxide concentration and a decrease in the silicon oxide composition. An increase in the 
maximum sulfate component concentration led to the sulfate phase precipitation on the glass 
surface. 























¥9-) f9-3 f9-S f9-7 f9-8 
Mndexc odpasuob 


Fig. 1. Chemical composition of glass: 1-- 
S10,:; 2--CaO: 3--SQ,: 4--F >: 5--Al.0,: 6-- 
Na): X-ax1s--Sample index. 


Table 1. Chemical composition of charge components 




















Charge Concentration. %o by mass 
Component 
Si0, CaO B.O. Al,O, Fe.O Other 
Quartz sand 9§.5 0.3 - 0.4 0.] 0.7 
Datolite concentrate 3Q.? 36.3 17.8 - ae Up to 100 
Simulator of liquid waste NaN | NaPO, | CaCO, M¢g- Fe.O. NaOH 
solids O. 7.9 lj< (OH). 4.6 0.7 
69.5 2.0 





























Concurrentl\. experiments to introduce sodium. calcium. and barium suifates into the charge were 
carried out to assess the effect of the cation type in the sulfates on the sulfate ion solubility in 
the glass. The following charge composition was used. in g: 45 of liquid waste solid simulator. 
30 of quartz glass. 45 of datolite concentrate (the raw material source composition is summarized 
in Table i). 7 of chemically pure Al,O,. 25 of CaF.. and 7.4. 8.9. and 12.1 of chemically pure 
Na.SO,. chemically pure CaSO,:2H.O. and chemically pure BaSO, respectively. Different 
calcium and barium sulfate quantities were added due to waste simulation. An analvsis of the 
SO;>-ion concentration in the glass indicates a change 1n its quantity in the samples (content by 
mass): 2.5% with CaSO,. 2.4% with Na,SO,. and 1% with BaSO,. This. in part. is consistent 
with the premise that the oxide melt tendency toward phase segregation is determined by the 
extent to which the internal svstem energ. increases when each of the specific tvpes of cation- 
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oxygen polyhedrons contained in the melt is strained. The greater the cation radius and the 
smaller its valency. the smaller the bond energy variation resulting from the cation-oxygen 
polvhedron straining and. likewise. the lower the tendency of the system containing such an oxide 
toward phase segregation [5]. 


From the practical viewpoint. we are interested in studving the vitrification conditions of sodium 
sulfate-containing waste. 


Table 2. Charge composition and founding outcome 














Component concentration in the charge. ¢ Sample Appearance Concentration in 

Inde, glass. °e DY Mas» 
Waste simulator | Quartz sand datolite Na.SO, Cal SO, I 
concentrate Al.O 

S-O 10.6 28.9.35 ~ . Uniform translucent! glass Not detected 
S-2 68 6 Same 2 s,s Opacified glass 1.8 2 | 
Kd Oty ( Sam 4 11 ¢ Same de ° 
S-b 4 ¢ Sam 6 lo ¢ Same 28 7° 
S-$ 62 ¢ Same & oa. Sultate phase precipitation 3.1 7 | 
S-10 60.6 Same 10 25.0 Same 33 8) 
































The objective of the experiment was to determine the optimum ratio of the fluoride- and sulfate- 
ions in the charge at which a stable sulfate phase does ont form in the vitrified end product. 
Quartz sand. datolite concentrate. and simulator of the liquid waste solids (the composition is 
summarized in Table 1) as well as chemically pure aluminum oxide were used for making the 
charge. A ‘Cs nitrate solution was used as a radioactive tracer (see Table 2). 


The charge was ground. mixed in a porcelain pestle. and cured alundum crucibles in a SNOL lab- 


oratory electric furnace at 1.100°C for 1 h. The ready glass melt was poured off. annealed. and 
cooled. as specified for the samples with the compositions shown in Fig. 1. 


One can see trom the findings in Table 2 that the sultate phase precipitation commences when 
the 2% sulfate component concentration in the glass is exceeded. The maximum SO, concentra- 
tion for the compositions used 1n the presence of a clearly delineated stable segregation was 3.3% 
whereas when calcium sulfate was used (see Fig. 1). 1t was up to 4.8% without anv traces of 
stable phase segregation. 


According to the ]|AEA procedure [5]. opacified glass samples containing the sulfate component 
were tested for the '*’'Cs. Na and SO;~ leaching stability in distilled water. An analysis of Fig. 
> shows that. as a whole. the leaching rate for both “’Cs and the macrocomponents from S-0 
through S-6 samples without any signs of stable segregation does not exceed ~10° g/(cm> day) 
which meets the [AEA requirements imposed on immobilized radioactive waste. 


Compared to Na and SO;°. the cesium leaching rate depends less on the sulfate ion concentra- 
ion in the glass. This indirectly attests to the fact that the sulfate phase 1s probably concentrated 
In the microinclusions but the cesium jons are distributed predominantly through the glass phase 
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Fig 2. Dependence of the “’Cs (a) Na’ (b). and SO;> (c) leaching rate. in g (em*-dav) on time. 
In days. for samples with various sulfate concentrations. 






Eaghhhi ae 


24. <a 





Fic 3 Micronhotographs of glass samples containing sodium sulfate (a) and caicium sultate (b) 
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According to electron microscope analysis data. the opacified glass samples under study have a 
microheterogenevus structure with particle sizes varving from 10 to 1.000 nm. Moreover. the 
presence of both segregation and crvstallization irregularities is noted (Fig. 3). 


A preliminary analysis of the experiment demonstrates that fluoride-containing additives may be 
introduced during the vitrification of sulfate-containing waste for resolving the problem of phase 
incompatibility developing during the integration of this waste in borosilicate glass. The resulting 
product--opacified glass with a microheterogeneous structure--has an adequate hydrolytic stabilits 
for reliable radionuclide immobilization. 


By using calcium sulfate as the sulfate-containing component. it 1s possible to incorporate up lo 
4.8% of SO, in borosilicate glass. We know that sulfate ion inclusion in borosilicate glass 1s 
possible against the background of considerable lead oxide concentration [7]. The resulting find- 
ings show that the desired effect can be reached by a cheaper method. e.g.. by using current) 
available considerable quantities of fluoride-containing silica gel in chemical industry waste. 
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Water Leaching Resistance of Irradiated Glass Composite Materials for Medium-Leve! Waste 
Immobilization 


947F0149C Moscow ATOMNAY A ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 238-240 


[Article by O.K. Karlina. and M.B. Kachalov. Radon Scientific Production Association. Moscow: 
UDC 661.1.055.3+621.039] 


[Text] Radioactive waste 1s encapsulated in matrices which are chemically inert to the er. .iron- 
ment (cement. glass. ceramic. etc.) for long-term safe storage [1]. Today. borosilicate glass 
matrices have the best outlook for this purpose. They are characterized by high radiation and 
chemical resistance and mechanical strength and adequately confine many waste elements. Yet 
during glass founding. sulfates form an individual water-soluble phase. One of the methods of 
neutralizing sulfate-containing waste 1s dispersing the sulfate phase in the glass melt. The result- 
ing product is a two-phase material in whose glass matrix the distributed sulfate phase inclusions 
are distributed [2]. 


One of the principal characteristics of vitrified radioactive waste is its water resistance. High 
water resistance must be maintained during the entire waste storage period in an irradiatior: envi- 
ronment due to the radioactive decay of the radionuclides contained in it. The effect of glass 
composite material irradiation on leaching resistance 1s examined in this article. 


Two types of radiation-induced effects can be identified in the self-irradiation of vitrified waste: 
electronic--ionization and excitation--and the phenomena of atomic and ionic displacement from 
the lattice sites. 


It was initially assumed that direct atomic displacements make the principal contribution to the 
defect formation in vitrified glass. During a-decay. the number of direct shifts formed is several 
times greater than that resulting from any other radiation source. so self-irradiation of vitrified 
waste containing a-radiators has drawn interest of manv researchers [3-6]. It was subsequent], 
demonstrated that ionization processes in vitrified waste also cause considerable defect formation 
The importance of ionization processes in defect formation has been established for many silicate 
systems [7]. including borosilicate glass with radioactive waste [8]. It 1s demonstrated in this 
arucle that compared to electron and heavy ion irradiation. y-irradiation has the maximuni effect 
on vitrified waste. 


Irradiation of glass results in liberation of free oxvgen and a change in the glass volume. mechan- 
ical properties. and water resistance [9]. It is assumed that these changes have the same origin 
and correlate. It 1s also noted in this articie that the effect of irradiation on the physical and 
chemical properties of glass has 2 threshold nature: these changes in properties have been ob- 
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served only with an absorbed dose and dose rate higher than the critical level (10°-10° rad and 
10°-10° rad/h. respectively. for v-radiation). whereas irradiation affects heterogeneous materials 
much more than homogeneous. Thus. irradiation of homogeneous and heterogeneous glass !ed 
to a change in the material density by 1°o and 2°o. respectively. The crystalline phase concenira- 
tion in glass .eramics which are vitreous crystalline materials increased under a v-1rradiation with 
a 10°-10° R dose [10]. which 1s much lower than the threshold for homogeneous substances 


An experiment simulating the vitrified sulfate-containing waste storage conditions was staged to 
check the effect of irradiation on glass composite materials. The glass composite material was 
produced by the following method. The borosilicate glass frit was mixed in the necessary ratio 
with powdered sodium sulfate 1n an alundum crucible with a 0.5-liter volume and placed into an 
electric furnace preheated to 1.000-1.000°C. The mixture was exposed to this temperature tor 
] h until complete melting. then the excess sulfate precipitate was dispersed by a screw impeller 
in the melt. The melt was poured into molds with a 25-mm diameter and 30-mm height and 
cooled at a rate of 2 degrees per minute. The resulting composite material was a glass matrix 
with uniformly distributed round sulfate grains with a 0.]-l-mm size. The g!ass frit had the 


following design composition. in °o by mass: 47 of SiO... 14 of B.O.. 21 of Na.O. 15 of CaQ. 
“ : ] TI > ~)} - > }, > +;)} > »0 + ha \ ’ > T } r=) qr ao > > ' ¢ + > , ?) 1) 
and 3 of Al.O.. The sulfate phase tilled 8°o of the volume. The samples were irradiated in an 


‘ 


RKhM-gamma-20 v-unit with ~ Co radiation sources tor 226 h. The dose rate in the irradiation 
chamber was equal to 0.73 Mradh. Such a dose rate 1s 10.000 umes greater than the initial dose 
rate of vitrified waste but does not exceed the critical level tor homogeneous glass. A 40-30°C 
temperature was maintained in the irradiation chamber. The absorbed dose was equal to 1.7°10° 
rad. This dose will be absorbed by vitrified waste with a specific activity of 0.1 Ci/‘kg during 
the entire storage life (thousands of vears). The waste was leached with distilled water at a 20°C 
temperature according to the [AEA procedure PerNISO 6961-82. The ratio of the volume water. 
in cm’. to the sample surface area. in cm>. was equal to |’, S = 7. During the first week. water 
was Changed every da\. and then Weekly during one month. The amount of sodium which passed 


10 the solution was measured by the flame photometry method. 
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This test demonstrated that the water resistance of glass composite materials did not deteriorate 
after irradiation. The test findings are shown in Fig 
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Fig. 4. Glass matrix of unirradiated (x13.200) (a) and irradiated (x13.200) samples (b). 


The microstructure of the irradiated and unirradiated glass composite materiais was also com- 
pared. Jo this end. carbon replicas were recorded trom cleaved irradiated and unirradiated 
samples and examined under an EMV-1]00L transmission electron microscope A microphoto- 
graph of the unirradiated glass composite material taken with small magnification is shown in 
Fig. 2. In this microphotograph. a section with comnpiex reliet corresponds to the sulfate base. 
while the smoother section--to the glass matrix. The microphotographs of the sulfite phase of 


the irradiated and unirradiated glass composite material are shown 1n Fig. 3 and those of the glass 
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Matrix--In Fig. +. One can see trom the micropnotogranns that the structure ot neither the sulfate 
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Thus. the findings of these studies demonstrate that self-irradiation of glass composites due to the 
radioactive decay of the radionuclides contained in them does not degrade their water leaching 
resistance during their entire storage life. 
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Fiber Optic Technology in Nuclear Power Industry 


947F0149D Moscow ATOMNAYA ENERGIYA in Russian Vol 76 No 3. Mar 94 pp 252-253 


[Article by V.B. Anufriyenko and M.N. Arnoldov. Physics and Power Engineering Institute] 


[Text] A conference seminar on "Fiber Optic Technology in Nuclear Power Industry and Experi- 
ment" was held in November 1995 at the Physics and Power Engineering Institute. It drew parti- 
cipants from seven enterprises. 


For the first time in Russia. the outlook for using fiber optic technology in this field of science 
and engineering was discussed at the seminar. 


It was noted in the participants reports and presentations that fiber optic technology provides a 
unique opportunity for developing highly reliable automatic process control systems (ASU TP) 
and primary transducers of various nuclear power plant parameters. both under nominal and 
emergency operating conditions. This possibility is due primarily to the absolute immunity to 
electromagnetic interference (including high-power electromagnetic pulses) inherent in fiber optic 
equipment and its absolute fire and explosion safety. The advantages of fiber optic transducers 
also include their small mass and geometric dimensions. galvanic isolation. a unified component 
base for different types of transducers. etc. 


Increasing attention is being given to the development of information measurement systems on 
the basis of fiber optic equipment in world engineering. Back in 1985. various types of fiber 
optic transducers for measuring more than 60 parameters with high sensitivity and accuracy were 
developed. Despite the fact that the use of fiber optic equipment in the military and aerospace 
sector dominates the world market. its utilization in civilian industries is also on the rise (medi- 
cine, automobile manufacturing. consumer electronics industry. etc.). An automatic process 
control system based on fiber optic technology has been commissioned at a petroleum refiner\ 
in Japan. 


In our country. the development of 1 ion measurement systems based on fiber optics ts tar 
less advanced. In the nuclear power i. .usiry, it 1s almost nonexistent, although fiber optics have 
been successfully used since the mid-Seventies for monitoring atomic blast parameters in nuclear 
engineering. 


The obvious potential advantages provided by fiber optic equipment as wel! as the world exper- 
ence accumulated through its use in various branches of science and engineering convincing|\ 
demonstrate the need to re-evaluate the place of this technology in the nuclear power industry 
The seminar was devoted to examining these issues. 
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Three types of issues Which are central tor developing fiber optic-based information measurement 
systems Were addressed at the seminar. 


The first include the development of transducers important for the nuclear power industry. A 
report by M.V. Demyanovich (Scienufic Research Institute of Instrumentation) described primary 
transducers of various parameters which may find applications in various branches of engineering. 
including nuclear engineering: aviauon sensors and monitors of the chemical composition of 
water. Fiber optic technology capabilities are demonstrated by the current amplitude sensor for 
high-voltage electric networks being developed by the Scientific Research Institute of Instrumen- 
tation. Compared to existing current converters. it 1s approximately 200 umes lighter. has a 
correspondingly lower specific metal content. does not pose a fire hazard since it does not contain 
oil. etc. In his report. V.V. Ovsvannikov (Physics and Power Engineering Institute) described 
a pyrometer-type temperature-sensitive element which 1s characterized by its high accuracy and 
simple design. Transducers intended for monitoring the vapor phase concentration in the water- 
based coolant (OKBM) were also discussed. Successful experience has been accumulated in 
using fiber opuc devices for prevenung the fuel element mockup burning during the study of 
critical heat flux in water 


[he second range of issues includes the issues of the effect of irradiation in certain fiber optic 
system components. In his report. O.A. Plaksin (Physics and Power Engineering Institute) pre- 
sented data on the effect of neutron irradiation on the optical and mechanical properties of single 
crvstal leucosapphire. It is shown that starting with a 10'* cm*~ fluence. an increase in the |umin- 
ous flux absorption in the ultraviolet spectral region is observed. As fluence reaches 10° cm~. 
absorption bands spread to the visible and infrared spectra. Yet some spectral regions in which 
the effect of neutron irradiation is not noticeable even at a fluence of 10-- cm~ probably remain 
We should note that at such a fluence. thermocouples become useless. The mechanical properties 
of leucosapphire do not undergo noticeable modifications under such conditions vet an increase 
in its hardness 1s observed. At the same time. we know that optical quartz fibers are sensitive 
to irradiation. Keeping in mind that leucosapphire is a stable material under irradiation. it can 
be regarded as a promising material for use in the nuclear power industry. Since the attainable 
sapphire fiber length is limiied. a transition to quartz fibers and subsequently. to data processing 
devices. can be made outside the irradiation zone. 


lhe third range of issues dealt with the possibility of manufacturing optical fibers from leucosap- 
phire. It follows trom the reports presented by the representatives of the Luch Scientific Produc- 
tion Associauon (G.I. Goncharov) and Avant Joint Stock Company (Ye.N. Larin) that technical 
capabilities exist tor producing leucosapphire fibers with a 200-300 um diameter. The bending 
diameter ot such a fiber is approximately equal to 100 fiber diameters. 1.e.. 20-30 mm. Individu- 
al fiber samples with a length of up to 1.000 mm may be manufactured even today. A plant 
whose design has been completed may be used for large-scale production. 


To date. virtually no experience has been accumulated in developing nuclear power plant auto- 
matic process contro] systems on the basis of fiber optic equipment. Yet there 1s some experience 
In using optical fibers in automatic control system communication links in one of the reactor 
plants outside the irradiation zone at the Physics and Power Engineering Institute. This experi- 
ence demonstrates that the use of opucal fibers even on a limited scale results in a sharp decrease 
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in the number of system operation errors and increases its response speed which 1s not unexpected 
for fiber optic technology, yet such an assessment was made for the first time in a reactor unit 


One of the promising trends in fiber optic equipment applications for the nuclear power industry 
is the development of an information measurement system for determining the parameters of the 
internal nuclear power plant containment structure under emergency conditions with the primary 
loop depressurization and oxygen ingress when the requirements imposed on the reliability. and 
fire and explosion safety of the transducers which monitor the evolution of the emergency process 
are stiffend sharply. 


The resolution adopted at the conclusion of the seminar pointed out the good outlook for using 
fiber optic technology in the nuclear power industry and the need to expand activities in this 
direction. The decision was also made to hold such seminars regularly once a year to discuss the 
findings of such activities and coordinate the efforts of the organizations involved. 


-~ END - 
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